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Abstract 
In this paper the development trend of mixer feeding system is discussed first. Then against the problem of inaccuracy in 
automatic weighing and feeding of carbon black and powders which occurs frequently, we suggest that converter motor be used 
in screw feeder, and that electric heating and variable screw pitch be adopted. We did a series of experiments with the weighing 
system, and give some recommendations. Discharging is also described in detail. Finally, we provide further suggestions to avoid 
weighing inaccuracy of discharging system or fluctuations in feeding time and accuracy caused by material adhesion and so on, 
so that mixing quality can be improved and mixing cycle can be shortened. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of Chinese Society of Particuology, Institute of Process Engineering, Chinese 
Academy of Sciences (CAS). 
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As the development of mixer, the weight of mixing materials per batch is getting larger, the speed is faster, and 
the time of manual discharging in the mixing operation account for a larger proportion. This is detrimental to the 
mixer efficiency and quality. Also, as an enterprise grows, it needs more materials, if the transport, weighing and 
feeding is manual, it would thus greatly increase the labor intensity. Especially with the very fine particles of carbon 
black, the process would seriously damage people’s health and pollute the environment. In order to improve the 
efficiency of the mixer, reduce labor intensity of workers, and improve the working environment, there is an urgent 
need for mechanization and automation of transportation, storage, weighing and discharging of raw materials used in 
mixing. In this context, a variety of devices of feeding system has been developed and employed in recent years, and 
efforts are continuously made and improvements achieved, yet due to the characteristics of carbon black and powder, 
equipment of different kinds used in conveying, storage, weighing, and of carbon black frequently has various 
problems. In this paper, some investigation and analyses are undertaken, based on a series of experiments, in order to 
help solve the problems.  
                                                        
* Corresponding author. E-mail address: liy@mesnac.com 
 015 Published by Elsevier Ltd. This is an op n access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Selection and peer-review under responsibility of Chinese Society of Particuology, Institute of Process Engineering, Chinese Academy 
of Sciences (CAS)
760   Wei Tian et al. /  Procedia Engineering  102 ( 2015 )  759 – 764 
1. The development of mixer feeding system 
The mixer feeding system consists of several sub-systems, including rubber belt conveying, weighing and 
discharging systems, liquid delivery, storage, weighing and filling systems, carbon black (powders) conveying, 
storage, weighing and discharging systems, dust collecting system, and automatic control system. The flow chart of 
mixer feeding system refers to Fig.1. 
 
Fig.1 Flow chart of mixer feeding system 
Most sections of the feeding system have been automatic currently. Compared with previously systems, the 
current one has some obvious advantages. There are: 
z The environment near-by the mixer is greatly improved. 
x The mixing efficiency is increased. 
x The quality of the mixing rubber is more stable. 
x The labor intensity of mixer is reduced. 
2. The problems and influence factors in the process of powder weighing and discharging 
Currently in the carbon black weighing and discharging process there are many parts that need further 
improvement and enhancement, particularly the accuracy of material feeding, since conformation of the exact rubber 
formula is the most important requirement and a foundation for rubber quality assurance. We are fixing on three 
parts to solve the problems: 
2.1. Material properties 
When the powder is in gas-solid state, it appears good flowability and high pressure conductivity. The high 
differential pressure in the flow direction can easily lead to overflow. When powder deposits in the screw, it 
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dramatically impairs both flowability and conductivity to form high pressure barrier, causing a total blockage. When 
normal feeding is in semi-fluidization, the phenomenon called arching may happen, causing fluctuation in density 
and pressure and resulting in fluctuation in material feeding. 
Carbon black powder could easily adhere to the blade surface of screw feeder to form caking, if the caking is 
discharged into mixer, it’s not easy to disperse into rubber, thus affecting the quality of mixing rubber, and the 
adhesion layer is easy to block the screw, so the screw feeder needs be cleaned several times a year. For the carbon 
black with a low structure, low surface energy, such as N772 and N774, we should pay more attention. 
2.2. The structure of screw feeder 
Due to the stir of the screw, some carbon black particles break to powder in the feeding process, the powder is 
much easier to adhere to the helix surface, in front of feeder a funnel-flow will form. 
Another problem is also very common, if the screw feeder stops suddenly from rated work condition, the material 
will be squeezing in the screw caused by flow inertia, when restart the screw, because of the poor flowability of 
material and the great resistance and load, excessive torque may result in automatic shutdown because of current 
limit protection. 
In order to prevent the material from being squeezed in the screw groove, variable pitch screw should be designed. 
The double screw is good at self-cleaning adhered to the screw surface. In addition, the double screw feeding 
structure has the advantages of large transport capacity and small conveying pulsating. 
2.3. The control system 
If the screw feeder uses a common motor, the voltage variations will affect its speed. Variable frequency motor 
with closed-loop control is a good solution for this problem and can increase the feeding accuracy. 
3. The test of carbon black automatic weighing and discharging system 
According to above analysis, we improve the structure of existing screw feeder and adopt innovate weighing 
algorithm instead of traditional one to test the system, the test in detail as following. 
3.1. The test content 
z Test material: carbon black N330 
x Screw feeder diameter: Φ250 
x The whole feeding process is divided into three steps: fast feeding, slowing feeding and jog feeding. Fast feeding 
frequency: 40HZ, slow feeding frequency: 10HZ, jog feeding frequency: 3HZ. 
x Test contents: feeding time, discharging time and discharging accuracy. 
3.2. The test equipment 
There is an unloading station above the screw feeder. Carbon Black is transported through the screw feeder to a 
hopper scale to weigh. After weighing, the DN400 butterfly valve under the scale bottom opens and carbon black is 
discharged into an intermediate hopper through a tube. When the mixer sends a request signal for feeding, the 
DN500 butterfly valve under the intermediate hopper opens and the material get through a chute into the mixer. 
3.3. The test step 
(1)Move a big bag of carbon black to the unloading station by an electronic hoist, carbon black is discharged into 
the screw feeder; 
(2)Use the screw feeder to feed 80kg carbon black to the scale, write down the weighing value, the fast feeding 
time, the slow feeding time and the jog feeding time; 
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(3)Discharge the carbon black into intermediate hopper, write down the discharging time and discharging 
accuracy; 
(4)The above test is repeated 20 times. Calculate the feeding accuracy and discharging accuracy. 
3.4. The test result 
The test result is recorded in table 1. 
Table 1 Test result 
No. Weighing 
value(kg) 
Fast feeding 
time(s) 
Slow 
feeding 
time(s) 
Jog feeding 
time(s) 
Scale 
discharging 
time(s) 
Intermediat
e hopper 
dischargin
g time(s) 
Test 
value(kg) 
Error 
(g) 
1 80.18 61.71 8.15 21.79 4.00 12.8 80.20 20 
2 80.04 62.81 7.86 21.69 3.89 11.3 80.08 40 
3 80.00 62.87 7.69 21.64 3.68 11.2 79.96 -40 
4 79.98 63.05 7.71 21.64 3.72 11.5 79.98 0 
5 80.00 62.31 7.81 21.42 3.78 10.8 80.00 0 
6 80.02 60.86 8.86 21.60 3.71 10 80.10 80 
7 79.82 60.93 7.94 30.68 3.91 10 79.76 -60 
8 79.96 63.45 8.64 12.49 4.01 8 80.00 40 
9 79.98 58.50 9.35 27.15 3.71 8 79.94 -40 
10 80.14 60.21 9.14 20.95 3.70 7 80.00 -140 
11 79.98    3.76 7 79.96 -20 
12 80.00    3.64 7 79.94 -60 
13 79.90    3.66 7 79.82 -80 
14 79.96    3.61 6 79.64 -320 
15 79.88    3.61 6 79.68 -200 
16 80.04    3.60 6 79.80 -240 
17 80.14    3.72 8 80.12 -20 
18 80.00    3.63 8 79.94 -60 
19 79.80    3.60 8 89.82 20 
20 79.94    3.60 8 80.00 60 
3.5. Test conclusions 
The calculation result is shown in table 2. 
Table 2 Calculation result 
Feeding 
accuracy 
CPK 
Fast feeding 
average time(s) 
Slow feeding 
average time(s) 
Jog feeding 
average 
time(s) 
Scale 
discharging 
average 
time(s) 
Intermediate 
hopper 
discharging 
average time(s) 
Discharging 
accuracy CPK 
1.35 61.67 8.315 22.24 3.73 8 1.56 
Through above test result and calculation result, we get the following conclusions: 
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(1)Both the feeding accuracy CPK and discharging accuracy CPK are bigger than 1.33, it means the screw feeder 
weighing and hopper discharging system is in good performance; 
(2)The scale discharging average time is 3.73s, the discharging speed is about 21kg/s, it meets most customs’ 
requirement; 
(3)The intermediate hopper discharging average time is 8s, the discharging speed is 10kg/s, it meets most 
customs’ requirement. 
(4)The butterfly valve of intermediate hopper is DN500, and the butterfly valve of scale is DN400, but the 
discharging speed of intermediate hopper is 21kg/s, and the later is 10kg/s. It is obvious that the discharging speed 
depends on not only the opening diameter, but also the hopper shape and drop height. The drop height of 
intermediate hopper is bigger than that of scale, it leads to the compaction of the powder. 
(5)Calculate the hydraulic radius of the butterfly valve of DN400 and DN500, the maximum thickness of the 
valve plate is 70mm.The formula of hydraulic radius is: 
 ୱ ൌ Ȁ                                                                                                                                                                  (1) 
Where Rs is the hydraulic radius, f is the area of the pipe, p is the perimeter of open 
Table 3 Equivalent hydraulic radius of pipe 
 DN400 DN500 
f(m2) 0.0976 0.16125 
P(m) 1.916 2.43 
Rs(m) 0.0509 0.06635 
Convert to pipe of equivalent hydraulic 
radius(m) 0.204 0.265 
From the above calculation result, the equivalent hydraulic radius of DN400 and DN500 are respectively 204mm 
and 265mm, about half of the diameter of butterfly valve. It proves that the valve plate is bad to the discharging. 
Adopting gate valve or clamp valve is a good method for increasing the discharging speed and reducing the diameter 
of discharging valve. 
(6)According to the document [1], for circular outlet openings, the formula of discharging speed is: 
 ൌ ͲǤͷͺɏୠ଴Ǥହሺ െ ሻଶǤହɅ                                                                                                                                (2) 
Where  
M- the mass flow rate, kg/s;  
ρb- the bulk density, kg/m3;  
g- the acceleration of gravity;  
d- the diameter of discharging opening, m;  
x- the particle diameter, m;  
k- dependent on the particle shape(k=1.6 for spherical and k=2.5 for non-spherical particles); 
θ- half cone angle, Kθ= tanθ-0.35,θ<45Ϩ, Kθ=1,θ>45Ϩ. 
With reducing θ from 30Ϩto 27Ϩ, Kθ increases from 1.212 to 1.266, the discharging speed is increased 4.46%. The 
discharging speed increased by reducing θ is not effective significantly. 
The bulk density of carbon black N330 is 425kg/mϢ, d50 is 0.8mm, θ is 30e.The calculation results of butterfly 
valve DN400 and DN500 are respectively 17.58kg/s and 33.83 kg/s. But the actual test results are 21kg/s and 10kg/s, 
the actual discharging speed of DN500 is just 10kg/s which much smaller than the calculation result. The above 
formula is not including the drop height. 
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(7)The test result is applied to the system that the big bag unloads carbon black directly, not applied to the system 
that using pneumatic conveying. The particle is broken by pneumatic conveying, the bulk density is reduced and the 
flowability is worse. 
4. Further suggestions 
Through the weighing and discharging test, we prove again that feeding accuracy had a critical impact on 
weighing accuracy, due to the material adhesion on the screw helix surface, the feeding efficient is effected seriously. 
Apart from adopting variable pitch screw, some other measures could be taken to solve the adhesion problem. 
z A traditional method is to adopt polished stainless steel or to spray Teflon on the surface of the helix surface 
x The electrical heating screw is expected to be a very useful method to solve the adhesion problem. Because of the 
helix heating above 100~120ć, the adhesion of carbon black is reduced. But when we use the electrical heating 
screw, the safety issue should be taken into account.  
The other problems affecting the discharging accuracy include the adhesion on the butterfly valve, the adhesion 
on the scale hopper and intermediate hopper and the exhaust problem. We can use clamp valve instead of butterfly 
valve to increase the discharging speed, and use soft scale and intermediate with vibrator against adhesion. Routine 
maintenance and regular cleaning of the breathing bag and dust collector is necessary to avoid exhaust problem. 
In one word, we should consider all the above sections to increase the weighing and discharging accuracy, 
feeding speed. 
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